Summary. Motilin-Immunoreactive cells in the duodenum, pyloric stomach and pancreas of Caiman latirostris and Caiman crocodilus were investigated using region specific antisera for porcine and canine motilin molecules. Motilin-immunoreactive cells were found in the duodenum, pyloric stomach and pancreas of both caiman species. These cells were primarily open-type endocrine ones in the epithelium of the duodenum and pyloric stomach. Motilin-immunoreactive cells were observed in both the exocrine and endocrine portions of the pancreas, and frequently exhibited one or more cytoplasmic processes of variable length. Since motilinimmunoreactive cells do not cross-react with serotonin or any of the other pancreatic and gut hormones, they are considered to be cell type independent from any of the other known pancreatic or gut endocrine cells. The molecular similarity between caiman motilin and porcine and canine motilins and the heterogeneity of the motilin molecule in the caiman digestive system is discussed.
Motilin, a 22 amino acid polypeptide first isolated and characterized from porcine small intestine (BROWN et al., 1971) , is known to stimulate phase III activity of the interdigestive migrating contractions in the stomach and duodenum (ITOH et al., 1976; WINGATE et al., 1976) . The cellular source of intestinal motilin has tentatively been established as a population of argyrophil, or non-argentaffin cells in the gut mucosa, although this definition is still controversial (KISHI-MOTO et al., 1981) . Motilin-like immunoreactivities also have been reported in porcine and rat tissues distinct from the gut, most notably in the central nervous system (YANAIHARA et al., 1980; NILAVER et al., 1988) . In our previous studies (YAMADA et al., 1986a (YAMADA et al., , 1987 , we reported the presence of motilinimmunoreactive cells not only in the intestine but also in the pancreas and pyloric stomach of Caiman latirostris (Alligatorinae).
The aim of the present study is to demonstrate the presence of motilinimmunoreactive cells in the pancreas and pyloric stomach of another caiman species and to conduct immunocytochemical comparisons of the motilin molecule using region-specific antisera.
MATERIALS AND METHODS
Samples of the pancreas, pyloric stomach and duodenum were obtained from both sexes of Caiman latirostris (n=5) and Caiman crocodilus (n=5), measuring 53-140cm and 45-119cm in body length, respectively. All tissues were fixed in Bouin's fluid, embedded in paraffin according to routine methods, and serially cut either at a 1.5 or 4um thickness. were stained immunocytochemically using the peroxidase-antiperoxidase (PAP) method (STERNBERGER, 1979) . Five different motilin antisera were used in this study. Antisera R-1104 (working dilution 1:1,000) and R-1106 (1:1,000) recognize whole molecule of the porcine motilin; antiserum R-1105 (1:1,000) reacts significantly with the C-terminal sequence of the porcine motilin molecule; and antiserum MBR-02 (1:400) is specific for the N-terminal sequence of the porcine motilin molecule. Antiserum R-0220 (1:2,000) recognizes the canine motilin molecule. The methods employed to produce and characterize these antisera have been reported previously in detail (YANAIHARA et al., 1980 (YANAIHARA et al., , 1990 . To prevent non-specific staining, the sections were incubated with non-immunized goat serum prior to incubation with specific antisera, and the specific antisera were absorbed with bovine liver powder and diluted in 0.01M phosphate-buffered 0.1 M saline (pH 7.3). Tissues from the duodenum of a dog and pig fixed with Bouin's fluid served as positive controls.
RESULTS
The pancreas Antisera R-1104 and R-1106, both of which recognize the whole molecule of porcine motilin, and antiserum R-1105, which cross-reacts significantly with the C-terminal portion of the porcine motilin molecule, demonstrated immunoreactive cells in the exocrine and endocrine portions of the pancreas from both species of caiman. These motilin-immunoreactive cells also were clearly detected by antiserum R-0220 which recognizes the canine motilin molecule. Antiserum MBR-02, which is specific for the N-terminal portion of the porcine motilin molecule, could be demonstrated in most but not all motilin-immunoreactive cells when adjacent thin serial sections were stained with the five types of motilin-antisera used (Fig. 1) . A few motilin-immunoreactive cells reacted to antisera R-1104, R-1105, R-1106 and R-0220, but not to antiserum MBR-02 (Fig. 2) .
In Caiman crocodiles, the motilin-immunoreactive cells never showed any evidence of cross-reactivity with antisera for established pancreatic hormones or serotonin as was shown previously in Caiman latirostris (YAMADA et al., 1986b) . The polygonal motilin-immunoreactive cells frequently possessed one or more cytoplasmic processes of variable length that ended in synaptic button-like swellings. The processes appeared to establish contact with adjacent endocrine and exocrine cells in the pancreas. There were no apparent differences in the distribution or in the frequency of the occurrence of motilin-immunoreactive cells between Caiman latirostris and Caiman crocodiles.
The pyloric stomach and duodenum Motilin-immunoreactive cells in the pyloric stomach and duodenum of both caiman species appeared as elongated triangles or were spindle-shaped with an elongated apical cytoplasmic process. These were recognized as the open-type endocrine cell; most were demonstrated by all the motilin antisera used in this study (Figs. 3, 5, 6 ). However, a few motilin cells were not stained with the MBR-02 antiserum (Fig. 4) ; the immunoreactivity being found with R-1104, R-1105, R-1106 and R-0220. Generally the immunoreactivity with MBR-02 was weaker than with the other four kinds of antisera (Fig. 3) .
The motilin-immunoreactive cells examined failed to show cross-reactivity with serotonin and other established gut hormones. There were no significant differences in the distribution or frequency of occurrence of motilin-immunoreactive cells in the species of caiman examined in this study.
DISCUSSION
Although motilin cells are now considered one of the major endocrine cell types in the duodenum (SOLCIA et al., 1981) , they also have been demonstrated in the pancreas (YAMADA et al., 1986b) and the pyloric stomach (YAMADA et al., 1987) of the alligator (Caiman latirostris). The results of the present study suggest that the presence of motilin-immunoreactive cells in the duodenum, pyloric stomach and pancreas is characteristic of the caiman family. Motilin-immunoreactive cells have also been reported in the gizzard (YAMADA et al., 1986a; RICHARDSON et al., 1988) and pyloric region (RICHARDSON et al., 1988; SAITO et al., 1990 ) of certain avian species and in the pancreas of the echidna ( Tachyglossus aculeatus, Monotremata) . Because motilin-immunoreactive cells have been identified in the stomach and pancreas as well as in the small intestine, it is possible that they exist in these regions in other species as well.
It has been well established that motilin is an active regulatory peptide which induces phase III activity of the interdigestive migrating contractions in the stomach and duodenum in fasted but healthy, conscious dogs, and that the motilin-induced contractions of the stomach and duodenum move in a caudal direction along the small intestine. The motilin cells detected in the pyloric stomach of caimans may also play a regulatory role in the gastric motility together with duodenal motilin cells. A stimulatory effect of motilin on pancreatic secretion, first suggested by KoNTUREK et al. (1976) , has been confirmed by LEE et al. (1986) . Based on these views and on the morphological characteristics of the pancreatic motilinimmunoreactive cells described here and previously (YAMADA et al., 1986b) it seems reasonable to support the concept that pancreatic motilin cells of the caiman may be involved in the regulation of pancreatic secretion by a paracrlne mechanism.
There were no remarkable differences in the immunoreactivities between the gut and pancreatic motilin cells with regard to the use of specific antisera for either porcine or canine motilin. Although most motilin cells were immunoreactive for all the antisera used, a few motilin-immunoreactive cells were immunoreactive for antisera R-1104 and R-1106 (recognizing the whole molecule of the porcine motilin), R-1105 (cross-reacting significantly with the Cterminal portion of porcine motilin molecule) and R-0220 (recognizing the canine motilin molecule), but not for MBR-02 (specific for the N-terminal portion of the porcine motilin molecule). Such observations suggest that a dominant molecular form of caiman motilin resembles both the porcine and canine forms of motilin and that a second minor molecular form of motilin may be present, causing an N-terminal sequence different from the major molecular forms of caiman motilin. These results suggest that there may be at least two molecular forms of motilin in the caiman.
The heterogeneity of the motilin molecule in mammalian tissues has been suggested by a report utilizing radioimmunoassay (NILAVER et al., 1988) . The heterogeneity of the motilin immunoreactivity demonstrated in the present immunocytochemical study also suggests the heterogeneity of the motilin molecule in the caiman digestive system.
